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ORIGINAL ARTICLE

Complementarity of modified NUTRIC score with

or without C-reactive protein and subjective global

assessment in predicting mortality in critically ill

patients

Complementariedade do escore NUTRIC modificado com ou
sem proteina C-reativa e avaliacio subjetiva global na predicio

de mortalidade em pacientes criticos

ABSTRACT

evaluate  the

Objective:  To
concordance between the modified
NUTRIC and NUTRIC with C-reactive
protein instruments in identifying
nutritional risk patients and predicting
mortality in critically ill patients. The
risk of death in patient groups was also
investigated according to nutritional risk
and malnutrition detected by subjective
global assessment.

Methods: A cohort study of patients
admitted to an intensive care unit.
Nutritional risk was assessed by modified
NUTRIC and a version of NUTRIC
with C-reactive protein. Subjective
global assessment was applied to
diagnose malnutrition. Kappa statistics
were calculated, and an ROC curve
was constructed considering modified
NUTRIC as a reference. The predictive
validity =~ was assessed  considering
mortality in 28 days (whether in the
intensive care unit or after discharge) as
the outcome.

Results: A total of 130 patients were
studied (63.05 + 16.46 years, 53.8%
males). According to NUTRIC with
C-reactive protein, 34.4% were classified
as having a high score, while 28.5%

of patients had this classification with
modified NUTRIC. According to SGA
48.1% of patients were malnourished.
There was excellent agreement between
modified NUTRIC and NUTRIC with
C-reactive protein (Kappa = 0.88, p <
0.001). The area under the ROC curve
was equal to 0.942 (0.881 - 1.000)
for NUTRIC with C-reactive protein.
The risk of death within 28 days was
increased in patients with high modified
NUTRIC (HR = 1.827; 95%CI 1.029
- 3.244; p = 0.040) and NUTRIC
with C-reactive protein (HR = 2.685;
95%CIl 1.423 - 5.064; p = 0.002)
scores. A high risk of death was observed
in patients with high nutritional risk
and malnutrition, independent of the
version of the NUTRIC score applied.
Conclusion: An excellent agreement
between modified NUTRIC and
NUTRIC with C-reactive protein
was observed. In addition, combining
NUTRIC and

assessment may increase the accuracy

subjective  global

of predicting mortality in critically ill
patients.

Keywords: Nutritional assessment;
Nutrition; Screening; Critical ~care;
Inflammation; Mortality; Intensive care
units
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INTRODUCTION

The prevalence of malnutrition is high in hospitalized
patient populations and higher in populations of
critically ill patients admitted to an intensive care unit
(ICU),"? resulting in increased mortality, decreased
quality of life, increased length of hospital stay and higher
hospital costs.® A critical illness usually has a catabolic
state that manifests with an inflammatory response
due to complications related to infections, multiorgan
dysfunction and prolonged hospitalization time.
C-reactive protein (CRP) is frequently measured in an
ICU to evaluate inflammatory status, and it may have
an important diagnostic and prognostic significance in
individuals with or without infection;”® however, there
are limitations regarding the use of CRP for monitoring
critical patients, since its values may be low or normal in
the first 12 hours of onset of febrile illness.®

The nutritional screening and evaluation of the
critical patient is complex because many patients are on
mechanical ventilation (MV) or present neurological
alterations, making it difficult to collect essential
information such as current anthropometric data, weight
history, gastrointestinal alterations and food intake.®'?
Therefore, Heyland et al."? developed a tool to identify
patients who would benefit most from the optimization
of nutritional therapy, the Nutrition Risk in the Critically
Il (NUTRIC) score. In the original version of this tool,
interleukin-6 (IL-6) values were used as an inflammatory
marker associated with nutritional risk. However, due
to the difficulty of obtaining IL-6 in clinical practice,
the NUTRIC score was later validated without the use
of IL-6, yielding the modified NUTRIC (mNUTRIC)
score." Regarding available tools for nutrition assessment
in an ICU, the validity of subjective global assessment
(SGA) for critically ill patients has been confirmed by
recent studies.!*!

The use of CRP to replace IL-6 would be a more
feasible alternative for the assessment of risk according to
the NUTRIC score. A research group studied two variants
of this tool in patients with assisted MV: mNUTRIC
without IL-6 and NUTRIC with CRP as the inflammatory
marker (NUTRIC-CRP). In this single center trial from
Argentina, both variants of the NUTRIC score showed
similar results to the original NUTRIC score, and the
inclusion of the CRP improved the score performance in
predicting mortality."® However, in the original study for
the development of the NUTRIC score, Heyland et al.
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did not demonstrate any incremental value to adding
CRP instead of IL-6 to the original NUTRIC score.!"V

The use of CRP as an inflammatory marker of the
NUTRIC score was rarely investigated until this moment.
In a recent study, patients classified with nutritional risk
(NUTRIC score 4) and severe malnourishment according
to SGA showed a 28-day mortality risk seven times higher
than that of patients with a NUTRIC < 4 independent of
the SGA classification."”

The objective of this study was to evaluate the
concordance mNUTRIC and NUTRIC-CRP instruments
in identifying nutritional risk in critically ill patients
and predicting clinical outcomes. Furthermore, we also
evaluated the risk of death in patient groups according to
nutritional risk and malnutrition diagnosis detected by

SGA combined.
METHODS

A longitudinal study was performed in a generally
mixed (chirurgical, clinical and nontraumatic) 20-bed ICU
of a tertiary hospital in Porto Alegre (RS), Brazil, between
May 2015 and August 2016. The study included patients
older than 18 years, with data collection occurring at 48
hours after admission to the ICU and whose information
that was needed to complete the NUTRIC score was
available in electronic medical records. Patients who were
at imminent risk of death, stayed less than 24 hours in
the ICU, or were admitted for elective surgeries or for
overdose of illicit drugs were excluded from the study.

Information on age, sex, primary diagnosis of
hospital admission, comorbidities, prescribed diet in the
hospitalization unit and at the time of admission to the
ICU, days of hospitalization prior to ICU admission,
Sequential Organ Failure Assessment (SOFA), Acute
Physiology Health Disease Classification System II
(APACHE II), and CRP (mg/dL; Advia Chemistry Wide
Range C-Reactive Protein - WrcCRP, Siemens Healthcare
Diagnostics, Inc®) at the time of admission to the ICU
were collected via electronic medical records. Institutional
protocols were used for dietary progression based on the
American Society of Parenteral and Enteral Nutrition
(ASPEN) guidelines.®

For the categorization of nutritional risk, two variations
of the NUTRIC tool were used: the mNUTRIC (without
an inflammatory marker) and one (adapted from Moretti
et al."9) including CRP values (NUTRIC-CRP). For
NUTRIC-CRP scores, a different categorization of CRP
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from that of Moretti et al."® was used, given that the
CRP values in our study ranged from 3.5 to 402.7mg/
dL. Thus, we categorized CRP in terciles to perform our
analysis, and our cut-off points were < 68, 68 to 167, and
> 167mg/dL. Table 1 shows the variables and the scoring
intervals for completing both mNUTRIC and NUTRIC-
CRP instruments as well as the classification of the
nutritional risk according to the final scores.

Table 1 - Modified Nutrition Risk in the Critically Il and Nutrition Risk in the
Critically lll with C-reactive protein score variables and classification of the
nutritional risk categories

Variables Scores
0 1 2 3

Age (years) <49 50-74 >75
APACHE Il (points) <14 15-19 20-28 >729
SOFA (points) <5h 6-9 >10
Number of comorbidities <1 >2
Days of hogpitglization prior 0 S
to ICU admission
CRP (mg/dL) <68 68 - 167 >167

mNUTRIC (without CRP)
Low score 0 - 4 points
High score 5 - 9 points

NUTRIC-CRP (with CRP)
Low score 0 - 5 points
High score 6 - 11 points

APACHE II - Acute Physiology and Chronic Health Disease Classification System II; SOFA -
Sequential Organ Failure Assessment; ICU - intensive care unit; CRP - C-reactive protein;
mNUTRIC - modified Nutrition Risk in the Critically Ill; NUTRIC-CRP - Nutrition Risk in the
Critically Ill with C-reactive protein.

Subjective global assessment was performed with patients
or according to information provided by their relatives, and
nutritional status was classified as well-nourished (SGA A),
moderately malnourished (SGA B) or severely malnourished
(SGA C);" patients with malnutrition (SGA B and C) were
grouped for data analysis.

Secondary outcomes (length of ICU stay and mortality
in 28 days - in ICU or after discharge) were collected in
the electronic medical record or by telephone calls.

The sample size calculation was performed using the
WinPepi program for Windows. Assuming an agreement
of at least 70% for identification of nutritional risk
according to mNUTRIC and NUTRIC-CRP scores
(primary outcome), a minimum Kappa test value of
0.85, 80% power and adopting a 5% level of significance,
obtaining data from at least 95 patients would be necessary.
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Statistical analysis

Statistical analysis was performed with the statistical
package Statistical Package for Social Science (SPSS)
version 17.0 for Windows. Categorical variables were
described in percentages; continuous variables were
described as the mean + standard deviation - parametric
variables - or medians (interquartile ranges) for
nonparametric variables. Comparisons between patients
with high and low nutritional risk according to NUTRIC-
CRP/mNUTRIC scores were performed by Student’s t,
Wilcoxon-Mann-Whitney or Pearson’s Chi-square tests.
The agreement between the mNUTRIC and NUTRIC-
CRP instruments was identified using the Kappa test.
The sensibility, specificity, positive and negative predictive
values were calculated according to habitual mathematic
formulas, as well as the area under the ROC curve
(AUC). Patients were grouped according to nutritional
risk (mMNUTRIC) and malnutrition diagnosis (SGA) into
four categories: low nutritional risk and well-nourished,
low nutritional risk and malnourished, high nutritional
risk and well-nourished and high nutritional risk and
malnourished. The associations between these tools and
death within 28 days (exploratory analysis) were evaluated
using Cox regression, adjusted for sex. A 5% significance
level was considered.

The project is in line with Brazilian Resolution
(CNS No. 466/12), approved by the Institutional Ethics
Committee of the Universidade Federal de Ciéncias da
Satide de Porto Alegre under the record number 1,073,256
and by the Ethics Committee of the lrmandade da Santa
Casa de Porto Alegre under the record number 1,030,523.
The study was also conducted in accordance with the
Helsinki Declaration.

RESULTS

A total of 130 patients were included in the current
study; their characteristics are described in table 2.
Regarding the main reason for hospital admission
prior to admission to the ICU, 35.4% were related
to gastrointestinal diseases; 20.8% were related to
pneumological, neurological or oncological diseases;
15.4% were related to cardiac, nephrological or endocrine
diseases; and 3.8% were related to sepsis, shock or
postoperative complications. The median length of
hospital stay prior to ICU admission was 5.0 (1.0 - 18.0)
days.
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Table 2 - Characterization of the sample according to the Modified Nutrition Risk in the Critically lll and Nutrition Risk in the Critically lll with C-reactive protein scores

mNUTRIC score

NUTRIC-CRP score

i All sample
Variables (n = 130) Low score High score p value Low score High score p value
(n=93) (n=37) (n = 59) (n=31)
Age tyears) 63.05 = 16.46 602 = 16.6 695 = 13.4 0003 60.2 = 165 702 = 14.1 0.005*
Males 53.8 55.9 4856 040" 57.6 484 040
APACHE I 6.0(4.5-20.0) 60(30-120)  260(200-320) <0001  60(30-120)  260(200-320) <0001
SOFA 00(00-63) 0.0(0.0-2.0) 100(70-110) <0001  00(00-20)  10.0(70-11.0)  <0.001°
MNUTRIC fpints) 30(20-50) 30(20-30) 70(6.0-80) <0001*  3.0(20-30) 70(6.0-80) < 0.001*
NUTRIC- CRP (pons) 5.16 = 2.37 40(30-50) 80(6.8-90) < 0.001* 37 = 1.1 7916 < 0.001%
CRP (my/al) 1123(41.4-198.0) 1007 (332-1746) 130.0(525-2363)  0.159°  923(31.6-153.0) 179.0(67.7-240.0)  0.00¢
Malnutrition 48.1 49 649 0021" 475 51.6 0.708'
Mechanical ventilation 60.6 51.6 83.8 0.005" 57.6 87.1 0.005°
gzzrst%flzojziﬂisst;zn 5.0(1.0-17.5) 60(1.0-180) 5.0(1.0-16.0) 0.858' 100(20-260)  3.0(1.0-13.0) 0016°
Days of ICU stay 8.0(3.0-16.0) 7.0 3.0-14.0) 9.0 (5.0- 22.0) 0.042° 100(50-160)  8.0(5.0-220) 051*
Death in the ICU 389 290 649 < 0.001" 23 (38.0) 211(67.7) 0.009'
Death within 28 days 348 289 54.1 0.007" 21(36.2) 18 (58.1) 0048’

mNUTRIC - modified Nutrition Risk in the Critically Ill; NUTRIC-CRP - Nutrition Risk in the Critically lll with C-reactive protein; APACHE Il - Acute Physiology and Chronic Health Disease
Classification System II; SOFA Sequential Organ Failure Assessment; CRP - C-reactive protein; ICU - intensive care unit. * Student's t test; " Pearson's Chi-square test; * Wilcoxon-Mann-Whitney

test. Results expressed as mean + standard deviation, %, median (interquartile range) or n (%).

The main causes of ICU admission were postoperative
complications (33.1%), septic shock or worsening of
overall conditions (21.5%), infection or sepsis (12.3%),
heart problems (11.5%), and gastrointestinal or
pneumological complications (10%). Of the postoperative
complications, 51.2% were admitted to the hospital due
to gastrointestinal diseases; 11.6% were admitted due
to pneumological, neurological or oncological diseases;
18.6% were admitted due to cardiac, nephrological
or endocrine diseases; and 2.3% were admitted due
to postoperative complications after discharge. Of the
second largest group, 27.6% were admitted to the hospital
due to gastrointestinal diseases; 31% were admitted due
to pneumological, neurological or oncological diseases;
17.2% were admitted due to cardiac, nephrological or
endocrine diseases; and 6.9% were admitted due to sepsis,
shock or postoperative complications after discharge.

According to dietary prescription in the ICU, 44.6%
were on an oral diet, 53.8% on an enteral diet and 10%
on a parenteral diet. Regarding multiple routes of feeding,
5 individuals were on oral plus enteral nutrition, 1 on
enteral plus parenteral nutrition and 2 on the three routes
simultaneously. The median length of ICU stay was 8.0
(3.0 - 16.8) days. In total, 60.8% required MV. The
mortality rate in the evaluated population was 39.2%.

Regarding the risk assessment according to mNUTRIC
scores, 71.5% were classified with low scores (< 4 points),
and 28.5% were classified with high scores (2 5 points).
For the analysis of NUTRIC-CRP scores, the data of
90 individuals whose CRP values were available at ICU
admission via electronic medical records were used. Of
these, 65.6% presented a low score (< 5 points), and
34.4% were classified as high score (= 6 points). According
to SGA, 48.1% of patients were classified as malnourished
(categories B and C).

The agreement between the mNUTRIC and
NUTRIC-CRP instruments was considered excellent
(n = 90; Kappa = 0.88, p < 0.001). The sensitivity of the
NUTRIC-CRP instrument (considering mNUTRIC as
the reference method) was 90.3%, while the specificity
was 96.6%. The positive predictive value was 93.3%, the
negative predictive value was 96.6%, and the AUC was
0.942 (0.881 - 1.000).

Table 2 shows the characterization of the sample
according to the categorization of mNUTRIC and
NUTRIC-CPR scores (low scores and high scores).
Patients with a high score of nutritional risk are older,
have higher CPR levels, have APACHE and SOFA at
elevated values and present a higher incidence of death
in comparison to patients with a low score of nutritional

Rev Bras Ter Intensiva. 2019;31(4):490-496
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risk, independent of the NUTRIC version. The frequency
of malnourishment was higher in patients with high
nutritional risk than in patients with low nutrition risk
only when the mNUTRIC score was applied.

According to the Cox regression, adjusted for sex,
patients with high nutritional risk presented a risk of death
within 28 days of 2.685 times higher (95% confidence
interval - 95%CI 1.423 - 5.064; p = 0.002) than patients
with low nutritional risk according to their NUTRIC-
CRP scores. The mNUTRIC score was also significantly
associated with the incidence of death within 28 days
(hazard ratio - HR = 1.827; 95%CI 1.029 - 3.244;
p = 0.040).

The risk of death in the categories considering
nutritional risk and malnutrition diagnosis by SGA
combined was significant only in patients with a high
mNUTRIC score and who were malnourished, as
demonstrated in table 3. Regarding the NUTRIC-CRP
score, the risk of death was also significantly increased only
in patients with a high score and who were malnourished

(HR =4.112; 1.738 - 9.727).

Table 3 - Complementarity of the modified Nutrition Risk in the Critically Il score
and subjective global assessment for predicting mortality in 28 days in critically
ill patients - Cox regression adjusted for sex

Category

Low mNUTRIC score and well-nourished (SGA A)
Low mNUTRIC score and malnourished (SGA B or C)
High mNUTRIC score well-nourished (SGA A) 1.750 (0.727 - 4.215)

High mNUTRIC score and malnourished (SGA B or C) 2.167 (1.029 - 4.563)

HR - hazard ratio; 95%Cl - 95% confidence interval; mNUTRIC - modified Nutrition Risk in
the Critically lll; SGA - subjective global assessment.

HR (95%Cl)
Reference
1.429 (0.643 - 3.178)

DISCUSSION

In our study, we evaluated the agreement between the
mNUTRIC and NUTRIC-CRP scores, and according to
the results, we suggest that the use of an inflammatory
marker for evaluation/stratification of nutritional risk in
an ICU may not be required. Both scores showed excellent
agreement and were positively associated with mortality
when combined with malnutrition diagnosed by SGA.

A similar prevalence of nutritional risk was observed
in the current study when applied to the mNUTRIC and
NUTRIC-CRP scores: 28.5% and 34.4%, respectively.
Several studies®?) have evaluated nutritional risk by
NUTRIC in critically ill patients, and the prevalence
of high scores ranges from 22.4%%" to 67.9%.%? The
lower prevalence of nutritional risk in our study may be
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explained by the severity of patients - the APACHE II
and SOFA scores were relatively low, and only 60% of the
patients were mechanically ventilated.

Moretti et al."® also compared mNUTRIC scores
(without IL-6 values) and NUTRIC-CRP scores and
demonstrated a lower prevalence of nutritional risk
according to NUTRIC-CRP scores than mNUTRIC
scores (25% and 34%, respectively), while in the current
study, the opposite was observed. This may be related to
the CRP cutoff points adopted for the nutritional risk
stratification in that study (< or > 10mg/dL); we decided
to categorize CRP values in tertiles because this variable
had a nonnormal distribution. In addition, critically ill
patients present naturally higher values of CRP.

Both scores had satisfactory ability in predicting
mortality in the current study, despite being an
exploratory analysis. In fact, there is consistent literature
about the positive association between a high NUTRIC
score and death.">?"%) Tt was observed in the study
of NUTRIC validation that each point increase in the
NUTRIC score resulted in a significant increase in the
rate of mortality."? This was also demonstrated in a study
conducted by Rahman et al that validated the mNUTRIC
score.’? In another study conducted with 482 patients
with sepsis, the AUC of the mNUTRIC score and the
original NUTRIC score for predicting 28-day mortality
were 0.762 and 0.757, respectively.®”

Our results suggest that the risk of death is significantly
higher in patients with a high score of nutritional risk plus
malnutrition diagnosis. A prospective study including 439
critically ill patients demonstrated that the discriminative
value for hospital mortality was similar for high
mNUTRIC scores (C- statistics = 0.66) and malnutrition
(C- statistics = 0.60), while the combination of both had
a significantly better discriminative ability than either
of those tools alone (C- statistics = 0.70). In this study,
the risk of mortality was equal to 14.43 (95%CI 5.38
- 38.78) in patients who were both malnourished and
had high mNUTRIC scores.”? The predictive validity
of SGA in critically ill patients was demonstrated in
previous studies."*!'” The NUTRIC score is an important
nutritional risk assessment tool to guide nutrition
intervention in critically ill patients. Several studies have
shown that the beneficial effects of nutritional support are
more evident in high-risk patients.""'>?% The international
societies guidelines recommend the use of the NUTRIC
score to identify critically ill patients with nutritional risk
and recommend that nutritional goals should be achieved
early in patients with a high NUTRIC score.#”



This was a small single center study with a limited
sample evaluated, which may be considered a limitation of
the current study. However, a sample size calculation was
performed to evaluate the primary outcome (concordance
between both NUTRIC scores), with a positive result. It
is noteworthy that the NUTRIC score has already been
translated and adapted to the Portuguese language.®®

CONCLUSION

An excellent agreement between mNUTRIC and
NUTRIC-CRP scores was observed, suggesting that
the use of an inflammatory marker for stratification of
nutritional risk in intensive care may not be required.
Both scores were positively associated with mortality, and

the risk of death was particularly increased in patients with
a high mNUTRIC score and who were malnourished.

Complementarity of modified NUTRIC score with or without C-reactive protein 495

Therefore, we conclude that the use of the NUTRIC
score without inflammatory markers is feasible for use
in clinical practice in critically ill patients. It should be
complemented by malnutrition diagnosis with subjective
global assessment to improve the accuracy of predicting
outcomes.
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RESUMO

Objetivo: Avaliar a concordéncia entre o escore NUTRIC
modificado e o escore NUTRIC com proteina C-reativa na
identificagao de pacientes em risco nutricional e na predicio da
mortalidade entre pacientes criticos. Avaliou-se também o risco
de 6bito com agrupamento dos pacientes segundo o risco nutri-
cional e a desnutri¢do detectada pela avaliagio subjetiva global.

Métodos: Estudo de coorte em pacientes admitidos em uma
unidade de terapia intensiva. O risco nutricional foi avaliado
por meio do escore NUTRIC modificado e uma versio do esco-
re NUTRIC com proteina C-reativa. Aplicou-se avaliagio sub-
jetiva global para diagnéstico de desnutrigio. Calculou-se a esta-
tistica de Kappa e construiu-se uma curva ROC considerando o
NUTRIC modificado como referéncia. A validade preditiva foi
avaliada considerando a mortalidade em 28 dias (na unidade de
terapia intensiva e apds a alta) como desfecho.

Resultados: Estudaram-se 130 pacientes (63,05 + 16,46
anos, 53,8% do sexo masculino). Segundo o NUTRIC com
proteina C-reativa, 34,4% foram classificados como escore alto,
enquanto 28,5% dos pacientes tiveram esta classificacio com

utilizagio do NUTRIC modificado. Segundo a avaliagio sub-
jetiva global, 48,1% dos pacientes estavam desnutridos. Obser-
vou-se concordéncia excelente entre 0o NUTRIC modificado e
o NUTRIC com proteina C-reativa (Kappa = 0,88; p < 0,001).
A 4rea sob a curva ROC foi igual a 0,942 (0,881 - 1,000) para
o NUTRIC com proteina C-reativa. O risco de ébito em 28
dias estava aumentado nos pacientes com escores elevados pelo
NUTRIC modificado (HR = 1,827; IC95% 1,029 - 3,244; p =
0,040) e pelo NUTRIC com proteina C-reativa (HR = 2,685;
IC95% 1,423 - 5,064; p = 0,002). Observou-se elevado risco
de 6bito nos pacientes com alto risco nutricional e desnutricio,
independentemente da versaio do NUTRIC aplicada.

Conclusio: A concordéncia entre o escore NUTRIC modi-
ficado e o NUTRIC com proteina C-reativa foi excelente. Além
disto, a combinacio da avaliagio com um escore NUTRIC mais
avaliacio subjetiva global pode aumentar a precisao para predi-
¢io de mortalidade em pacientes criticos.

Descritores: Avaliacio nutricional; Nutricio; Rastreamento;
Cuidados criticos; Inflamag¢ao; Mortalidade; Unidades de terapia
intensiva
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